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ABSTRACT 


Pioneer, a short-range Unmanned Air Vehicle, was recently introduced into fleet 
operations. Due to the manner of test and evaluation of UAV’s, problems with the air 
vehicle have been identified during, rather than prior to, operational use and contractor 
testing. A flight research program has begun at the Naval Postgraduate School to use a 
half-scale Pioneer LAY in an attempt to study the flight behavior of Pioneer. Limitation 
of flight endurance below original estimations has prompted a drag analysis of the ve- 
hicle to be performed. Previously, wind tunnel work was carried out for propeller studies. 
The current investigation uses the results of that work to complete flights for deterimi- 
nation of a drag polar for the vehicle. A drag clean-up of the original wing configuration 
was performed. and though the data are scattered due to the measurement techniques, 
trends indicate a significant reduction in drag for the new wing. Comparison of the drag 


data with numerical predictions shows a reasonable correlation. 
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I INTRODUCTION AND OVERVIEW 


The Unmanned Air Vehicle (LAV) is a type of flying vehicle, that is not restricted 
by the limitations a human pilot. It can be of varing size and purpose and have a large 
degree of on board autonomy. The mission that can be performed with a UAV ts more 
flexible than with the manned aircraft. The missions which can be performed with a 
CAV are as follows: 

- Surveillance and targeting 

- Reconnaissance 

- Defense suppression 

esi mie 

- Electronic warfare 

- Communications 

= oensor dellvery 

- Tactical intelhgence 

- Assist in search and rescue Wer 1] 

In addition, it is possible to use the LAV as a research test bed for other inflight 
projects. The cost would be lower than the operation of a full-scale manned aircraft. 

Nlanv programs are currently using LAV’s, both operationally and in flight testing. 
to obtain the relatively low risk that is only possible through the use of LAV’s. In 1986, 
fee! 1onect UAW was selected as the L.S. Navv and Marine Corps Short-Range LAV 
system. The procurement of a UAV system, once onlv thought useful as a target drone, 
marked the beginning of the UAV concept as an important weapon system, worthy of 
an increased role in U.S. military thinking. The Department of Acronautics and 
Astronautics at the Naval Postgraduate School currently has established a LAV fhght 
test program which includes a half-scale Pioneer LAV. The purpose of the overall pro- 
gram 1s to establish procedures to evaluate vehicle performance of scaled flight vehicles 
and to investigate methods to improve that performance. 

This is a follow-on investigation to the “ Development of a Flight Test Methodol- 
ogv for U.S. Navy and Marine Corps Half-Scale Unmanned Air Vehicle “ bv James C. 
emer | ier. 2) and Aerodynamic Analysis of a L.S. Navy and Marine Corps LAV” 


bv Daniel Lvons[Ref. 3]. These previous works by Tanner and Lyons are called hereafter 


the first-phase work of the half-scale Pioneer flight test. The second-phase investigation 
includes a completion of the baseline configuration flight test and comparison with the 
first-phase work. The other flight test was performed with a modified wing. This modi- 
fied wing configuration includes a smoother wing surface, and an additional sharp trail- 
ing edge. 

A follow-on investigation will instrument the vehicle to measure control surface de- 


flections, pitch and yaw angles, indicated airspeed, and angular rates and accelerations. 


tu 


Hf. FLIGHT TEST PROCEDURE 


A. FLIGHT TEST 
l. Overview 


From the flight test with the half-scale Pioneer. the available data are RP.W, 
ground speed (GS), test weight (11’,) and the basic data of density and temperature. A 
nondimensional value of propeller advance ratio (/) can be calculated from the following 


equauon: 
jae (1) 


Mere the | is the true airspeed. vn is the flight revolutions per second and the d 1s the 
diameter of the propeller. The true airspeed is based upon the averaging of the ground 
speed as the aircraft flies with and against the wind. The thrust method uses thrust co- 


efficient as a function of advance ratio to determine the aircraft drag in flight. 
2. Thrust Method 


In level, unaccelerated flight at a given altitude and airspeed, the force equilib- 


rium) can be written as shown in Figure J. 
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Figure |. Force Equilibrium in Level, Unaccelerated Flight. 


From equations (2) and (3), the coefficients are defined as follows: 





Cy= a (4) 
Po ] rN) 
2 Hi". 
= (5) 
: Po es 


where p, is standard sea level density, I’, is the equivalent airspeed, S is the wing area 
and the HH’, 1s aircraft weight at the test condition. The test weight HI, is obtamed using 
the full fuel gross weight and the weight after landing. The equivalent airspeed 1}, can 


be obtained from the true airspeed, V’,, as follows: 
Vp=Vz01" (6) 


where V;,1s obtained directly from the flight test as will be described, and a is the density 


ratio of the test day[Ref. 4 ]}. 


i. (7) 


In order to apply the wind tunnel thrust result from the results of the first-phase work 


to inflight conditions, the effective thrust 7, is defined as: 


Tg = Cr,pn'd (8) 


where the effective thrust coefficient C;, can be obtained from the results of wind tunnel 
testing which was done by Tanner in the first phase of the half-scale Pioneer flight test 


prograin as shown in Figure 2 [Ref 2].. 
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Figure 2. Effective Thrust Coefficient versus Advance Ratio Plot 


The flight test uses the ground course method for airspeed determination. The 
ground course method is a flight test technique which maintains the heading and the 
altitude of aircraft from a known fixed position to the another fixed position. If some 
wind factor exists, then the pilot lets the aircraft drift. The flight test measures the 
ground speed of the aircraft in two opposite directions of flight. The average of this 


ground speed is the true airspeed of the aircraft. This relation is expressed as: 


(VG, — Vy cos B) Gig t } prcostE) 
et (9) 


where J’, is the ground speed for one direction, J’, is the ground speed for the opposite 
direction, F,.1s the wind velocity and B is the aircraft s dmft angle. 


The total drag coefficient(C,) can then be written as follows: 
Cp — Cig + Cp (10) 


where C,, 1s the parasite drag coefficient due to viscous forces and C;, is the induced drag 


coeflicient due to lift. C, can also be expressed as: 


c Ci (11) 
O. xeAR 
where C, is the lift coefficient. AR 1s the aspect ratio and e is the Oswald efiicremms 


facror|Ref. 5: pp. 25)-251) -Substituune equanen (hl) mire) stleneomnes: 


ao (12) 


The relationship between C, and C, 1s approximately parabolic such that the 
C, versus C, curve 1s cenerally calied the drag polar and the relationship between Gyyame 


Cj is a straigt Ime for which the constant is Cp, and the slope ts Commonly, it 


. . neAR- 
iS Written as: 
; 
— le 
ned k Uy 
Therefore the total drag coefficient can be written as: 
= eo. 
Oe Gs. ING (14) 


Since an aircraft can fly at many altitudes over a range of aircraft weights, it is 
obvious that if the power-required technique is to be used to deternune aircraft cruise 
performance, then a data reduction scheme must be developed to take the flight test data 
at the various test Weights and non-standard atmospheric conditions and reduce them 
to a standard weight and altitude. The flight test technique used in the United States is 


called the P,,— 14), method which essentially consists of normalizing the data to an 


equivalent airspeed and a constant weight, H’.. The normalized power and velocity are 


expressed as the following equations: 





ie ey 
=e a yo (15) 
r 
iE ome | ies 
iw — 550 ( Tae (16) 


The relationship between P,, and V,, are derived by the following procedures: 


One T: } De 
iw = 359 = 550 (OM SCO) 
] ce 
= é y) 
eee ee (17) 
S50 Do meAR 
= | We + is 
] 
This can be written as: 
Pip = AV iy + (18) 
iw 
Multiplying both side by V’,, then gives: 
PiyM ng = AViy + B (19) 


Meeeetcrii? 7 18 litiearly related to }%. The slope, 4. and the constant, J. are related 


to the parasite drag coefficient and the Oswald efficiency factor as follows: 


Lie! 


= > 
“D, Pos ae 
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ii: - 
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| Cp,Po> me 
~ 1100 ee, 


and 
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(Rete: p:6.3}, |Reiy 
3. Power Method 
Another method to get the drag polar and power-required curve is the power 


method. The power method was used by Tanner[Ref 2] and includes wind tunnel tests 


and torque tests. The test shaft brake horsepower, SB//P;, 1s expressed as: 





Ve 
SBHP;= (==) 


where Q is the torque from the torque test. The power method uses the propeller efh- 
CIENCY, 7. 0O PeUthern ins. 
ySBHP 
jee (25) 
Vy 

Where the shaft brake horse power, SBHP, is corrected from the standard shaft brake 
horse power, SBl/P,,,. The standard shaft brake horse power, SB//P,,,. 1s cOrmecnem 
using the SB/TP; [Ref. 4]. The propeller efficiency. 7 can be plotted with the advance 


ratio. J, as shown in Figure 3. 
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Figure 3. ~=Propeller Efficiency Versus Advance Ratio 


The power method would require identical throttle settings for the aircraft and 
the engine on the torque stand. Due to the difficulty of maintaining exact correlation 


of throttle settings, the thrust method was preferred. 


B. DRAG ANALYSIS 


Considering the flow past a solid i.e. a wing, the velocity of the flow at the surface 
is zero because of friction between the fluid and the solid material. There is also a thin 


region of retarded flow in the vicinity of the surface as sketched in Tigure 4. 
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Figure 4. ‘Flow With Friction Over Wing Section 


This region of viscous flow which has been retarded due to friction at the solid surface 
is called a boundary layer[Ref. 5]. Within this boundary layer, two types of flows exist: 
laminar flow and turbulent flow. Both flows are a function of Reynolds number which 
is a function of the distance along the airfoil’s surface x and the dynamic viscosity. 
Laminar flow exists from the leading edge of the airfoil to a chordwise point on the 
surface corresponding to a Reynolds number ranging from 10,000 to 500,000. Laminar 
flow is characterized by a flow that is mostly uniform and has a relatively low tnertia 
drag. Turbulent flow is characterized by a great deal of fluid mixing and unsteady mo- 
tion. This flow has a relatively high drag due to inertia effects. 

The transition location from a Jaminar to a turbulent boundary laver is difficult to 
predict accurately. This prediction ts particularly difficult at Revnolds numbers below | 
nullion. The full-scale Pioneer operates at a Reynolds number of approximately 
1,350,000, while the half-scale Pioneer operates at a Reynolds number of 500,000. At 
these relatively low Reynolds numbers, the boundary layer behavior can be sensitive to 
freestream disturbances, surface imperfections, and contour inequalities. The surface of 
the wing of both vehicles 1s currently a flat painted finish applied to the exposed weave 
of the fiberglass. As the Pioneer has fatled to meet its endurance prediction, ways to 
easily reduce the aircraft drag are being considered. It is desired to know whether the 
drag of the wing 1s being penalized by the surface condition. Also, the half-scale wing is 
configured with a blunt trailing edge. It ts desired to Know whether a more complete 
airfoil contour may be beneficial in improving the lift- to-drag behavior of the wing, as 


measured by flight test of the vehicle. 


HI. EXPERIMENTAL EQUIPMENT 


A. GENERAL CONFIGURATION OF THE HALF-SCALE PIONEER 


The half-scale Pioneer ts an unmanned air vehicle which ts currently being used by 


the Navy and Marine Corps for training. The half-scale Pioneer is a twin boom tail(twin 


vertical stabilizer and rudder), pusher-tvpe aircraft as shown in Figure 5. 





Figure 5. Half-Scale Pioneer 


The aircraft has a wing span of 8.19 feet, a chord of 0.91 feet and an aspect ratio 
of 9.03. The rectangular wing consists of an Clark Y airfoil with no sweep, dihedral or 
twist. The fuselage has a trapezoidal cross-sectional area of 0.29 square feet and 1s 4.17 
feet long. The twin-boom tail which is constructed of l-inch diameter aluminum tubing, 


is 2.67 feet long and supports the horizontal stabilizer. The overall length of the aircraft 


1] 


is 5.29 feet. A 3-D view of the half-scale Pioneer 1s shown in Figure 6 and a specification 


summary is listed in Table | on page 13. 
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Figure 6. 3-D view of Half-Scale Pioneer 


Table 1. ORIGINAL HALF-SCALE PIONEER SPECIFICATION SUMMARY 
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The half-scale Pioneer is constructed primarily of fiberglass with quarter-inch 
plywood bulkheads and support ribs. There are three access panels on the body for as- 
sembling and maintanence. The subassemblies are the main wing. tail boom and body. 
Itetiie fusclage are located the radio receiver, pitch and roll rate gevros, nose wheel 
steering servo and engine throttle control servo. The engine is mounted at the rear of the 
fuselage and emplovs a pusher-type propeller. In addition, a magnetic sensor 1s installed 
in front of the propeller and a tape recorder 1s installed on the gyro control box for re- 
cording inflight RPM data. An 18-ounce capacity fuel tank is installed at the center of 
gravity position which is located at 33 percent of mean aerodynamic chord (C,,,-). In the 
main wing there are two servos which control aileron deflection. The empennage requires 


three servos, which include one elevator servo and two rudder servos. 


B. CONTROL SYSTEM 


The half-scale Pioneer has a control system with a 8-channel radio transmitter, re- 
ceiver, two rate gyros, seven servos and 4.8 VDC battery pack. The transmitter uses a 
pulse-coded modulated signal which provides increased signal reliability. The transmitter 
Was also equipped with an optical tachometer wand to measure propeller RPM to + 100 
RPM for a ground check. The rate gyros were mounted on the aircraft longitudinal C.G. 
position and were used to help stabilize the aircraft pitch and roll axes during flight 
testing and to reduce the pilot’s work load. Figure 7 shows the electronic gear layout 


used in this investigation [Ref. 2]. 
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Figure 7. — EFlalf-Scale Pioneer Equipment Layout in Body 


The nose wheel steering and engine throttle servos were installed inside of the body. 
The remaining servos were installed near their respective control surfaces in order to re- 
duce the length of the control linkage. The rudder control servos and nose wheel control 
servo are connected with Y-type cable connectors such that thev respond to the same 
control input. The two rudder control servos are installed such that one servo serves as 


the master and the other serves as the slave. 


C. PROPULSION SYSTEM 


The half-scale Pioneer is equipped with a two-stroke glow plug engine. A muffler ts 
used to reduce the noise of the engine. The engine has a 1.088 cubic-inch displacement 
and is rated at 3 HP at 16000 RPM. The engine RPM range 1s from 2000 to 16000 RPM 
as specified in the manufacturer’s manual. A 14-inch diameter, 6-inch pitch pusher-type 
(14X6P) propeller is mstalled on this engine. For the engine fuel supply, an 18-ounce fuel 
tank was installed near the center of gravity of the aircraft to minimize the C.G. move- 
ment during flight as shown in Figure 7. A fuel pump to feed fuel to the engine 1s re- 
quired because the engine is placed 5 inches above the fuel tank. The engine fuel 
consumption could be calculated by checking the flight trme and the remarning fuel in 
the tank. In this investigation the fuel consumption was determined to be 0.05 pounds 


per I circuit of 1500 feet, which was determined empzrically in the first-phase. 


D. DATA COLLECTING SYSTEM 


1. Onboard System 


A magnetic proximity sensor was installed on the aircraft radial engine mount 
@eeeown in Figure $§ Two stecl posts. 0.125 inches in diameter and 0.75 inches in 
length. were mounted 180 degrees apart in the engine drive washer to give a signal to the 
magnetic sensor. 

A small tape recorder was used for recording the inflight propeller RPM. The 


recorder used a high-quality tape coated with CO, for the precise signal recording. 





Figure 8. Minarik PK-1 Magnetic Proximity Sensor Mounted on Engine 


2. Ground Data Reduction System 


The signal from the tape recorder was conditioned through a signal conditioning 
wave shaper to remove the notse and to provide a clean signal for the frequency counter. 


The signal conditioning wave shaper 1s shown in Figure 9. 


ALOE 2 
tip: MO 


A ia hh 
fl 9’ G 
? ta hes 
te G 


ey 





Figure 9. = Signal Conditioning Wave Shaper 


E. CONFIGURATION CHANGED FROME FIRST PHASE 


Some changes of aircraft configuration were made with respect to equipment post- 
tron, Werght and landing gear mechanisms. In the previous flight tests, there were two 
problems associated with the aircraft landing gear. Originally, the wheels were made of 
hard rubber which had no shock absorption. Also the main gear and nose gear struts 
were made of fiberglass which has little shock absorbing properties. Additionally, the 
C-shaped nose wheel strut acted as a spring causing the aircraft to porpoise rf the Jand- 
ing Operation was not properly controlled. Figure 10 shows the original landing gear 


system im the first phase. 


1? 


Figure 10. 


During the flights mn the first-phase, the nose gear strut was sheared as a result of 
the landing gear problems. A second accident occurred during a landing in the first- 
phase of flight testing in which the front of the fuselage, where the nose gear 1s con- 
nected, ruptured. 
include damping shock absorbers and soft tires Were substituted. With redesigning the 


gear system, the frontal area is equivalent to the original half-scale Pioneer as shown in 


Prone. lilt 
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Original Landing Gear System in First Phase 


Due to these experiences, the nose wheel strut was redesigned to 
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Figure If. Changed Landing Gear System Configuration 


A comparison of the frontal area of the three landing gear between first case and 


second case 15 listed in lable 2. 


Table 2. FRONTAL AREA CHANGE COMPARISON 


CS Phase [2nd Phare 
Frontal Area (or 










The nose gear servo, originally located outside of the fuselage. was placed inside to 
eliminate external drag. Therefore, more room for the nose wheel steering control system 
was needed. The ballast weight was moved further forward and the battery was relocated 
at the front body wall to keep it from interupting the nose wheel steering control. The 


recorder was moved further aft to the same location as the rate gvros. As aresult of the 


i 


component movement. 0.7 pounds of ballast weight were removed for the purpose of 
niaintaining the aircraft center of gravity at 33 percent of C,,,-. This reconfiguration only 
changed the entire aircraft weight bv less than I percent and therefore can be considered 
as the same configuration as the original aircraft. The following investigation is based 
on the assumption that the configuration of the modified aircraft is equivalent to the 


aircraft used in the first-phase. 
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IV. EXPERIMENTAL PROCEDURE 


A. FLIGHT TEST WITH UNMODIFIED WING SURFACE 


]. Preflight Preparation 


The dav before each flight test, the aircraft was readied for flight. The trans- 
mitter battery and aircraft battery pack were recharged and the test instrumentation was 
installed and checked to insure proper working order. The aircraft weight was checked 
Bemeiui fuel, which was used to determine the test weight. IV’, The aircraft center of 
gravity was adjusted using the weight in the nose of the aircraft to ensure that the C.G. 
fiseat >) percent C,,,- as recommended by the Pioneers manufacturer. There are two 
methods to check the center of gravity. The first one ts to measure the weight on each 
Wheel and using the moment equilibrium equation from a fixed point, solve the equation 
for the C.G. position. The dimensions needed for calculating the center of gravity are 
e@enwty in Figure 12. Phe other method is to hft the aircraft at the wing ups to locate the 


C.G. position. This method 1s commonly used by aircraft modelers. 
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STATION NO. DISTANCE FROM #0 
1 6.00° 


2 26.24" 


33.40" 
37.38" (38.2°) 
51.95" 
66.04" 


71.04° 


( ) Modified Wing 





Figure 12. Dimensions for Calculation of C.G. 


2. Flight Test at Airfield ! 


Fhght testing was conducted at Fritzsche Army Airfield, Fort Ord, CA. The 
aircraft was disassembled into the three subassemblies for transport to the airfield. At 
the airfield these parts were reassembled for flight, then a preflight was performed to 
check all of the components for proper operation. 

After the preflight and radio check, the aircraft was flown through a sequence 
of touch and goes to provide the pilot with warm-up flight time as well as to check the 


aircraft control characteristics and the trim setting of the radio transmitter. Once the 


ag 


aircraft was landed and refueled, the onboard recorder was switched on to begin re- 
cording the engine RPM. 

The flight tests required at least four people to perform the data recording tasks. 
During the flight, two men stood at a fixed distance 1500 feet apart along the air field 
runway and when the aircraft passed directly over cach man’s head, that man then gave 
a “hack” signal to a person recording data standing next to the pilot. In this manner, 
ground course speeds were timed for determunation of airspeed for the different throttle 
settings. The positions of these people, the aircraft flight route and field distance are 


shown in Figure 13. 
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Figure 13. Position of Mian and Flight Route of the UAV Flight 


When the signal man gave the hack sign, the recorder recorded the time of flight 
to fly in a specified direction of 1500 feet. After one period of flight, the amount of fuel 
remaining in fuel tank was checked to determine the flight test weight durng the runs. 

Plight testing was conducted over the complete airspeed range in level flight. 
Due to the lack of an onboard pilot, itis hard to maintain an exact aircraft heading and 
altitude. The radio control pilot can only control by watching the aircraft from a long 
distance. As a result, the airspeed is difficult to control. The ground course method to 


determine the airspeed is relatively simple. Even though a wind factor exists, the error 
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due to the headwind is removed because the headwind factor 1s canceled out automat- 
ically as discussed in Chapter I]. An attempt was made to allow the airplane to dnift 
along the runway heading. However. it was found to be difficult to maintain the runway 
heading bv eve. so usually the pilot held the runwav track, causing an error due to 
crosswind. The error was small, because the ratio of the crosswind and the airspeed of 
the aircraft is small. For example, if there exists a 5 knot crosswind then the ground 
speed error was less than | % by simple vector calculation. The half-scale Pioneer has 
limited controllability in strong cross winds during the landing phase. Therefore, flight 
testing was completed in the morning during low winds. 

Also, the wind direction and velocity, temperature and pressure were measured 
using portable measuring instrumentation. 

In the first phase, the half-scale Pioneer was tested with an unmodified wing 
which had a rough surface with exposed fiberglass weave and a blunt trailing edge. The 
results from the first-phase flight tests are listed in Appendix A. There is insufficient data 
to obtain good results for a drag polar as shown in Figure 22. Therefore, flight tests 
with the unchanged wing were conducted to obtain data points not obtained during the 


first phase of work. 


3. Data Reduction 


After the flight test. recorded frequency data on the onboard tape recorder was 
correlated with the flight time over the 1500-foot distance test. An oscilloscope was used 
to examine the output signal of the recorder and signal conditioning wave shaper. The 
signal conditioning wave shaper was used to get an amplified rectangular pulse from the 
saw tooth electrical pulse as shown in Figure I4. The conditioned output signal was 
more clearly counted by the frequency counter. A frequency counter was then used to 


get the [requene. ol revolution. of ine propeller. 
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Figure 14. The Results of Signal Conditioning 


The signal conditioning network is shown in Figure 15. 
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Figure 15. 9 The Network For Signal Conditioning 


B. FLIGHT TEST WITH A SMOOTHER WING SURFACE AND MODIFIED 
TRAILING EDGE 


In this step, the aircraft wing surface was smoothed and a sharp trailing edge was 


added as shown 1n Figure 16. 
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Figure 16. Wing Configuration Changes 


A smoother wing implies that the flow around the wing surface should be laminar 
for a greater distance along the wing chord than the original wing surface. Therefore in 
this step of the experiment, the wing surface had to be refinished carefully. Also, the 
trailing edge of the wing was changed to obtain a sharp edge. As a result of modifving 


the wing surface and the trailing edge, the chord of the wing became 9 % greater than 
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the original wing, the aspect ratio changed to §.26, and the wing surface area increased 


to §.122 square feet. These changes 1n the wing are listed in Table 3 on page 27. 


Table 3. WING CONFIGURATION CHANGES COMPARISON TABLE 


753 7 






V. RESULTS AND DISCUSSIONS 


Flight tests were performed with two kinds of wing configurations. One is for the 
supplimentarv flight test of the first-phase work and the other 1s for the modified wing 


configuration. 


A. FLIGHT TEST RESULTS WITH ORIGINAL WING CONFIGURATION 


Supplimentary flight test raw data are listed in Table 11 on page 4Sand m 
Table 12 on page 49 in Appendix B. The data for the aircraft characteristics of the or- 
iginal configuration are listed in Table 13 on page 50, Table 14 on page 51, Table 15 
on page 52 and Table 16 on page 53 in Appendix B. The half-scale Pioneer drag-polar 
for the original configuration 1s shown 1n Figure 17. The solid line curve fit came from 
the equation generated from the linear regression plot of Cp versus C7 as shown in Fig- 
ure 18. The dotted line shows a predicted curve which was made by Lyons in thesis 
phase. The data for the predicted curve ts listed in Table 10 on page 46 in Appendix A. 
It is seen that the actual drag values are higher than predicted. though the mduced drag 
appears to be fairly well predicted. From the slope and Y-intercept of the linear re- 
gression equation, the C,, and e for original wing configuration were determined to be 
0.069 and 0.22 respectively. These values are compared to the results of the first-pie 


work in Table 4 on page 31. 
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Figure 17. Drag Polar For Original Wing Configuration 
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Figure 18. Drag Polar Linear Regression For Original Wing Configuration 


The power required data were standardized using the P,, — 1, method. The power- 
required curve is shown in Figure 19. The solid line curve fit through these data points 
was carried out by plotting the equation of the line generated from the P?., 1’, versus 14 
linear regression plot shown in Figure 20. This method is a standard flight test data 
analvsis reduction technique. The Oswald efficiency factor, e, and Cp, for this method 
were determined using the constants generated from the linear regression and were 
0.0808 and 0.235 respectively. The P,, versus V,, plot also estimated the velocity for 


maximum endurance of 50 ft/sec and a maximum range velocity of 60 ft/sec. These 


values are compared with the result of the first-phase work in Table 4 on page 31. 
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Table 4. CHARACTERISTIC COMPARISON BETWEEN IST-PHASE AND 
2ND-PHASE 
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Figure 19. Piw Versus Viw Curve 
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Figure 20. Power Required Linear Regression Plot 


Comparing the drag-polar and power-required curves to the results of the first-phase 
work, the second-phase work shows similar trends. Numerically, the Cp, is almost same 
as the result of first-phase work in the thrust method. As the result of the first-phase 
work, the result of the supplimental flight test turned out to be a higher drag than the 
predicted drag. The higher drag might comes from the skin friction drag due to the ex- 
posed fiberglass weave and the blunt trailing edge. Therefore, the improved wing flight 
test was needed. 

Also, the distribution of the data points in the above plot ts largely scattered. The 
scattered distribution would be related to the error of the fheht? Where are se. eral imerons 
that could be a source of error in the UAV flight testing, including human timing error 
due to the signal man and observer, aircraft flight path error due to altitude change and 
course change, and cross wind error. Also, a source of error is the noise to the recorded 


signal due to the engine operation, the receiver and servos. One of the most significant 


errors 1s the noise of the signal as discussed in [Ref. 7: pp. 45]. Therefore, RPM signal 
conditioning is an important factor for these flight tests. 

To reduce the raw flight test data, the signal conditioning wave shaper was used. 
Before using the wave shaper to condition the signal. the output data was dependent 
upon the sensitivity level setting of the frequency counter and the volume level of the 
recorder. The unconditioned frequency had fluctuations of +50 Hz which was 13.3 “%o 
off from the average take-off frequency of 360 Hz. The frequency counter counted the 
frequency of the rectangular pulse signals from the wave shaper with only +8 Hz fluc- 
tuation of the take-off frequency(360 Hz). This is only 2.2 % in error. Also, this fre- 
quency output fluctuation could be reduced by averaging the data which corresponded 
to one frequency band. Thirteen to eignteen data points were used to get the average 
frequency. Averaging the output would be easier with a print out of the output fre- 
quency data. Alternatively, using a recorder. it 1s possible to average a larger amount 
of data. In this investigation the alternative method was used to get the average fre- 
@Guency data. Another error source could be a wind factor. The aircraft true airspeed 
was determined by averaging the velocity calculated for each direction flown for the en- 
tire range of throttle settings. Flight testing was performed in the morning to take ad- 
Vantage of the low winds. The greatest cross wind velocity measured during flight testing 
was a steady 3 - 4 kts with gusts up to 6 kts and 45 degree cross wind direction. In this 
Geese error of the true airspeed due to cross wind turned out to be less than 0.5 “o. 


imereiore the elfect could be negligible. 


B. FLIGHT TEST RESULTS WITH MODIFIED WING CONFIGURATION 


The raw flight test data with the modified wing configuration are hsted in Table 17 
On page 54 in Appendix B. The data for the aircraft characteristics of the modified con- 
figuration is hsted in Table 18 on page 55 and Table 19 on page 45 at Appendix B. The 


drag-polar for the original and modified wing configuration is shown in Tigure 21. 
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Figure 21. Drag-Polar For Original and Modified Wing Configuration 


The number of data points from the modified wing configuration flight test were not 
enough to make a drag polar. For completion of the drag polar, more data are needed. 
This supplimentary flight test will be continued in the third-phase work. The results of 
the modified wing configuration are much closer to the predicted drag polar, though the 
scatter is large. Therefore, the half-scale Pioneer has a better characteristics with the 
modified wing configuration. But the data points show a large distribution. For more 
accurate analysis, the large distribution of the results could be reduced with more accu- 
rate measurements. [he large scatter problem can be improved by using an airspeed 1n- 


dicator, as will be done in the third-phase flight tests of the half-scale Pioneer. 
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VI. CONCLUSIONS AND RECOMMENDATIONS 


Flight tests were performed with the original configuration and with the wing mod- 
ified to reduce wing skin-friction and the trailing edge separation drag. The following 
conclusions were reached: 

(1) Flight test data indicate a higher drag than predicted by panel-method simu- 
lation. Trends indicate that the induced drag was predicted fairly well. Values for parasite 
drag were 20-25 % higher than predicted. 

(2) Data from the flights with the modified wing indicate that an actual benefit can 
be realized from improving the wing surface and airfoil contour. 

(3) The scatter of data is almost unacceptable. Errors due to the method of deter- 
mining airspeed, and the RPM measurements, are most likely the causes of the large 
scatter. 

The following recommendations for the next phase of the flight test are: 

(1) Install an airspeed indicator for better and more accurate speed resolution. 

(2) Acquire additional data for the improved-wing condition. 

(3) Perform flight test with the boundarv laver tripped to compare the original work 
with the smooth wing and the wing with a fullv-turbulent boundary laver. 

(4, Continue to install and check-out additional instrumentauon for future 


stabilitv-and-control fligl > test. 
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APPENDIX A. FLIGHT TEST DATA FROM FIRST-PHASE 


In this section the results from the first-phase are listed. In the first-phase the flight 
test was conducted with the original aircraft configuration by Tanner[Ref. 8]. Tanner 
developed a flight test procedure and established the data reduction from the torque 
stand and wind tunnel tests. The following data came from his thesis, which are used for 
the approach to aerodynamic analysis of the half-scale Pioneer in the second phase. Also 
another approach to the half-scale Pioneer was made in the first phase by Lyons who 
used the analytical method of Hoerner’s drag estimation. Lyons studied the full-scale 
Pioneer, but he also eXamined the half-scale Pioneer. This section is based on the coim- 


parison between the first phase work and the second-phase work. 


A. FLIGHT TEST RESULTS FROM THE FIRST PHASE 
1. Torque stand and Wind Tunnel Test Results 
Torque stand and the wind tunnel tests were performed to obtain propeller ef- 
ficiency data and thrust coefficient data which was conducted by Tanner in the first- 


phase of the half-scale Pioneer flight test. The wind tunnel test results are hsted in 


lable. > onipdage .7. 
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Table 5. PROPELLER EFFICIENCY DATA 
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The effective thrust cocflicient was obtained with respect to the advance ratio as listed 


feable 6 On page 38. 
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Table 6. WIND TUNNEL DATA 
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2. Flight Test Data 


The flight test results with the original wing surface of the half-scale Pioneer 


~ 


are listed in Table 7 on page 39, Table 8 on page 40, Table 9 on page 43, Figure 22 


Figure 23. Figure 24 and Figure 25. These data have been used to compare with the 


oo, — 
a 


second-phase work. 
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Table 7. FLIGHT TEST DATA 
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Table 8. DRAG POLAR DATA(POWER AND THRUST METHOD) 
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Figure 22. Half-Scale Pioneer Drag Polar Curve(Thrust Method) 
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Figure 23. Drag Polar Linear Regression Plot(Thrust Method) 
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Table 9. POWER — IRED BuadsniinO WE is AND THRUST METHOD) 
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Figure 24. 
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Half-Scale Pioneer Power Required Curve(Thrust Method) 
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Figure 25. Power Required Linear Regression Plot(Thrust Method) 


B. DRAG ESTIMATION OF HALF-SCALE PIONEER WITH HOERNER’S DRAG 
ANALYSIS 


Lyons developed a method of the analytical drag estimation of the half-scale Pio- 
neer. The results of the predicted drag are listed in Table 10 on page 46 and the result 
can be reduced to a drag-polar equation as C,=0.0521 +0.1142C}. The predicted 


drag-polar is shown by the dotted line in Figure 17 and Figure 18. 
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Table 10. PREDICTED DRAG ANALYSIS DATA 
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APPENDIX B. FLIGHT TEST RESULTS FROM SECOND-PHASE 


This section includes the results of the second-phase flight test. The data tables are 
raw flight test data. reduced data and the aircraft characteristics data. 

In the raw data table, 7, 1s a measured flight time for the 1500-foot distance in one 
direction, 7, is the other measured time for opposite direction flight, F, is the corre- 


sponding frequency of the engine revolutions for the flight time 7, and the F, 1s the op- 


posite direction frequency. 
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Table 11. SUPPLIMENTARY FLIGHT TEST RAW DATA (19 AUG.) 
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Table 12. SUPPLIMENTARY FLIGHT TEST RAW DATA (26 AUG 


NO. 

Pa | sss [ae oa 
E 
A 
a 
a A 
[sss eer ns 
a 
a 
Di | aes [tase [aes7_) sono) 
Pe [1573 [1506] _3s77_| 3830 _ ; 
ee | sss | si | ass | nr 
OT ES EO 
A 


’ 














73 





49 


Table 132. SUPPLIMENTARY FLIGHT TEST DATA — AUG.) 
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Table 14. SUPPLIMENTARY FLIGHT TEST DATA (26 AUG.) 
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Table 15. DRAG POLAR AND POWER REQUIRED DATA (19 AUG.) 
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Table 16. DRAG POLAR AND POWER REQUIRED DATA (26 AUG.) 
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Table 17. FLIGHT TEST RAW DATA WITH CHANGED WING CONFIG- 
URATION (16 SEP.) 
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Table 18. FLIGHT TEST DATA WITH CHANGED WING CONFIGURATION 
(16 SEP.) 
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Table 19. DRAG POLAR AND POWER REQUIRED DATA (16 SEP.) 
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